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1 INTRODUCTION

Part I

UserGuide

1 Intr oduction

Quite a long time ago, two trackingmethodshave beendevelopedto performindependenttrack recon-
structionin theSVT. Theso-calledgrouperor SGR1 is usinga globalmappingtechniqueto groupSVT
hits into segmentsof threehits. Sincethemethodassumesthat trackscomethemainvertex, thegrouper
is quiteefficient in finding primary tracks. ThesecondmethodSTK2 is reconstructingSVT tracksusing
a follow your nosetechnique.STK is generallyusedaftera first passusingSGRandin a modedevoted
to thereconstructionof secondaryparticles.Oncethe threehit segmentsareformedin theSVT, another
methodSVM3

is usedto try to associatethemindividually to thetracksreconstructedin theTPC.

The Silicon Strip Detector(SSD) is an additionallayer which will be install in betweenthe outermost
layer of the SVT andthe inner radiusof the TPC.Two main advantageswereforeseenwhenproposing
the SSDto enhancethe STAR trackingcapabilities: to addan extra hit to eachtrack passingthrough
the SVT and recover the tracks lost due to geometricalinneficiency, to extend the short lived particle
acceptanceby reconstructingthetrackof daughterparticlesproducedata radiusbiggerthantheinnermost
SVT layer. Severalattemptshave beenmadein orderto extendtheSVT trackingmethodsto includethe
SSD.Performancesobtainedwith STK adaptedto a four layer geometrywerequite poor especiallyfor
secondarytracksfor which theimpactof theSSDis supposedto bethemoreimportant.

In orderto fully benefitfrom theSSDa new trackingmethodcalledESThasbeendeveloped.Themain
ideaof themethodis to startfrom thereconstructedTPCtracksandto iteratively try to associatehits from
theSSDandtheSVT layers.Themethodallows to find a priori with thesameefficiency primaryandsec-
ondarytrackssincenomainvertex constrainis imposed.Moreover, no lower limit beingsetonthenumber
of hits forming the segmentsin the vertex detector, the methoddoesnot precludethe reconstructionof
daughtertrackscomingfrom short-livedparticledecayingfar from themainvertex. In orderto maximize
theefficiency of themethod,theeasiesttracksto find aresearchedfirst : thetrackswith thehighermomen-
tum andthe tracksleaving 4 hits in thevertex detector(by requiringfour hits to beassociatedduring the
first steps).

This methodhasbeenimplementedandusedto demonstratethe impactof the SSDon the STAR capa-
bilities4. Whereasthe obtainedperformanceswerequitegood,simplemodificationsof the methodwere
foreseenin orderto improvetheseresults.Theoriginal versionof thecodewaswritten in FORTRAN and
in a form which did not allow a strait forward implementationof thesenew ideas. Consequentlya new
versionof EST hasbeenwritten in C++ which includesthe improvementof themethod.This document
is referringto this versionof the method. Following this introduction,the first main part of this manual
containsa presentationof the methodandthecodeorganizationfollowedby someresultsillustrating the

1Seefor details: STAR Note#0153or http://www.star.bnl.gov/STAR/html/svt l/soft l/svt software/sgr/SvtSgr.html
2Seefor details: STAR Note#0145or http://www.star.bnl.gov/STAR/html/svt l/soft l/svt software/stk/SvtStk.html
3Seefor details: http://www.star.bnl.gov/STAR/html/svt l/soft l/svt software/svm/SvtSvm.html
4Seefor details: STAR Note#0400
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2 DESCRIPTION OF THE TRACKING METHOD

performancesobtainedwith EST. Thesecondpartof thedocumentis devotedto amoredetaileddescription
of the main objectsandmethodsimplementedin the codecompletedby a full descriptionof the classes
developedin thecode.

2 Description of the tracking method

2.1 The main ingredientsof the method

As alreadymentionedabove,thebasicideaof thismethodis to reconstructtheparticletrajectoriesby doing
trackto hit associations.Sincethetrackreconstructionis donein theTPCin a first stage,theparameters
of the track(assumedto beperfecthelices)reconstructedin theTPCareknown. Fromtheseparameters,
fro eachtrack a predictionis doneon the interceptof the track with the SSDlayer. If a hit in the SSD
satisfiessomegeometricalcriteria,it is attachedto thetrack. Thetrackparametersarethenupdatedanda
new predictionis madefor thenext outermostlayerof thesilicondetector. Thesestepsarerepeatedfor the
otherlayersuntil thefirst SVT layer. If in a given layer, no hit satisfiestheassociationcriteria, the track
parametersarenot updatedanda predictionis calculatedfor thenext layer.

New featureshave beenaddedto themethodwhich areillustratedon thefigure1.Contraryto theoriginal
versionof the code,in a given layer several hits canbe attachedto the sametrack which resultsin the
formationof branchesfor thetrack.Thesebranchesareextendedin parallelto thefirst SVT layeratwhich
pointachoicehasto bemadeto decidewhichbranchto finally keep.Thisideais basedontwo observations
:

� quiteoften thecorrecthit to beassociatedto a track is not thenearestto the trackprojection. This
is especiallytruewhenprojectingthetrackon theSSD.Allowing only onebranchto beformedper
trackwouldstronglycompromisethechancesto correctlyassociatedthehits to thosetracks.

� usually a wrong hit associationin a given layer strongly reducesthe chanceto prolongatethis
branchesin theinnermostlayers.Thanksto thegoodpositionresolutionin thesiliconwafers,theup-
dateof thetrackparameterswith ahit associatedsignificantlyimprovesthequalityof theprojection
in thenext layer. Onceagainthis is especiallytruein theSSDlayer. This allows usto usestronger
geometricalcriteria for theinnermostlayersandleadsto predictionfor thewrongbranchin anarea
whereno hit satisfythesecriteria.

An othernew improvementwhich is useda combinemannerwith the track branchingis the possibility
to allow hit sharingfor tracks(thesharingof thehits by differentbranchesbelongingto thesametrack is
implicitly implementedin thebranchingmethod).In asimilar fashionof theexcludingthetrackbranching,
without hit sharingbetweentracks,a incorrecthit to trackassociationwould ruin thechancesto associate
agivenhit to its correcttrack.

After andetailedanalysisof thequalityof thetrackssharingoneor severalhits,onecanfoundoutthatmost
of thetimethechi square(of therefittedtrack)of thewrongtracksis higherthantheoneof thecorrectone.
As a consequenceat a givenstageof thetrackingphase,thehit sharingis suppressed.More precisely, the
hit sharedby several tracksareidentifiedthenall the tracksusinga givenhit aresortedby increasingchi

2



2 DESCRIPTION OF THE TRACKING METHOD 2.1 The main ingredientsof the method

SVT 1

SVT 2

SVT 3

SSD

TPC

Track #1 Track #2

Branch #1

Branch #2

Branch #1

Branch #2

Branch #4 Branch #5

Branch #3

Figure1: Illustration of the trackbranchingandhit sharingimplementedin thenew versionof the code.
Severalbranchescanbeformedfor eachtrack(2 branchesfor theTrack#1 and5 branchesfor theTrack
#2). Hits aresharedbetweenbranches(the first hit from the left of the secondSVT layer) andbetween
tracks(thesecondSSDhit from theleft).

square.Thetrackwith thelowestvalueis keptwhereastheothertracksaredeletedandtheirhits (including
thosewhicharenot shared)releasedfor futureassociations.

Thehit to trackassociationin consecutivelayersis thebasicstepusedin thetrackingpartof EST. In orderto
maximizethetrackingperformances,this stepis appliedsuccessively to severaldefinedsamplesof tracks.
This iterativeprocedureis motivatedby theobviousideaof first searchingthetrackswhicharesupposedto
betheeasiestto find. Thecontribution of themultiple scatteringincreasingwith a decreasingmomentum
leadsus to startswith the trackswith the highestmomentum.The iterative searchis thusorganizedinto
passes.Eachpasseis dedicatedto thetrackingof trackswith a transversemomentumwithin agivenrange.

Takinginto accountthegeometricalunefficiency, theslightly differentrapidity coverageof thelayers,the
mainvertex spreadalongthebeamaxisandtheradialdistributionof thesecondaryvertices,oneshouldex-
pectto look for trackswith variouspatternsandsizesfor thehit segmentsin thevertex detector. Although,
the trackingmethodis requiredto be ableto reconstructall thesekind of tracks,is seemsreasonableto
iteratively searchfor a given type at a time. As alreadystated,the associationof a hit in a given layer
stronglyconstrainsthepossibleassociationsin the inner layers.This ideais implementedin the codeby
themeanof superpasses.In thefirst superpass,onerequiresthatthebranchformedpossessa hit in all the
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2.2 Curr ent implementation of the method4 CURRENT CODE LIMIT ATIONS AND FUTURE IMPROVEMENTS

activelayers.Duringthelastsuperpass,loosecutsareappliedandcanbefor exampledevotedto thesearch
of onehit segmentwithouta specificlocationrequiredfor thishit.

Thevariouspassesdedicatedto thesearchof trackswith a giventransversemomentumareintegratedinto
thesuperpassiterations.At theendof a givenpass,a uniquebranchis selectedfor eachtrackconsidered
during this passusing the branchchi squaresandhit patternandsegmentsize requirementsset for the
currentsuperpass.More precisly, thoserequirementsarenot appliedonceall thebranchesarecompletly
formedbut during thebranchformationtime (ie. duringthe loopsover the layer). After thetrackingin a
givenlayer, knowing thehits alreadyattachedandtheremaininglayersto scan,thebrancheswhich have
no chancesto fulfill the superpassrequirementsare supressed.This particularlocation of the segment
selectionin thetrackingstepsis improving thecputime consumptionbut moreimportantlymaximizethe
chancesto form brancheswith thecorrectpattern.

Finally, thelastnew featurewhich hasbeenintroducedin thenew versionof this methodis thepossibility
to useinformationon the main vertex locationin orderto improve the accuracy of the predictionswhen
projectingthe trackson thevertex detectorlayers.Themainvertex locationis usedasa guideto give an
improvedpredictionwhentrying to associatethe first hit to the tracks. In the currentimpementationthe
mainvertex informationcanbeusedonly for trackswhich alreadypoint towardit (usinga initial distance
of closestapproachto it) or for thefull sampleof tracks.Moreveronceafirst hit associationhasbeendone,
it canberemovedwhenupdatingthetrackparametersor keptuntil theendof thebranchformationphase.

2.2 Curr ent implementation of the method

To bedone...

3 Performances

3.1 Track projection accuracyversusthe primary vertex

3.2 Efficiency vs hit sharing

3.3 Efficiency vs track branching

3.4 Generalperformancesfor the full tracking steps

3.5 Detailled analysisof the performances

4 Curr ent codelimitations and futur e impr ovements
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5 DESCRIPTION OF THE MAIN OBJECTS AND METHODS

Part II

ReferenceManual

5 Description of the main objectsand methods

5.1 St est Maker

5.1.1 mParams

ThemParams objectscontainthe parameterswhich areset for eachpassover pt. The key parameters
storedin theseobjectsare:

� onoff[i] : Determinesif thelayeri (0 to 2 aretheSVT layersand3 is theSSD)is active or not.
By settingonoff[3] to 0 allow to switchfrom a year-3 to a year-2 geometry.

� nbranch[i] : Setsto the allowed numberof brancheswhich canbe formedin a given layer i.
It correspondsto the numberof new branchesallowed to be formedin a layer per motherbranch
constructedin thepreviouslayeror from theTPCtracksin thecaseof theSSDlayer.
By settingall thenbranch to 1, thebranchingis forbittenin thepass.

� ntotbranch[i] : Setsthe maximumnumberof branchesper track kept after the trackingin a
givenlayer. Thecombinationof thenbranch parameterscanleadtoavaluebiggerthanntotbranch.
The ChooseBestNBranchesmethodlimits the numberof branchesto ntotbranch by selecting
thosewith thelowerchisquaresafterre-fitting.

� share[i] : Determinesthenumberof timesthata hit canbesharedby differenttracks.Thereis
no limit on thenumberof branchesfrom thesametrackwhich canshareagivenhit.

� geomcutl[4] andgeomcutw[4] : Settheupperlimits on thedistancealongthez axisandin
thex-y planebetweenthebranchprojectionandthecandidatehits.

Theoptimizationof thetrackingperformancesin termof efficiency andpurity is a balancebetweenthese
parameters.Valuesbiggerthanonefor thebranchingandsharingparameterstendsto supportthecorrect
associationalthoughthecorrecthitsarenotat thefirst rankin termof distances.Therankingof thecorrect
associationcanbe checked usingthe root histogramsnamed“LocationX” whereX is a layer index and
built duringthetrackingphase.

Ontheotherhand,theparameterscontrollingthegeometricalcutsin eachlayertendto limit thenumberof
hit candidateswhichcanbeassociatedto agivenbranchin agivenlayer. Settingthosecutsto a largevalue
is not reasonablesincethenumberof wrongbrancheswill stronglyincreaseandaffect theefficiency of the
branchselectionperformedlateron. They haveto besetby knowing theaccuracy of theprojectiononecan
expectin a givenlayerandtakinginto accountthehits alreadyattachedfrom thepreviouslayers.Several
root histogramsarefilled named“disthitipX”,”disthitipXl” and“disthitipXw” repectively filled with the
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5.1 St est Maker 5 DESCRIPTION OF THE MAIN OBJECTS AND METHODS

hit-projection3d distances,distancesalong the z axis anddistancesin the transverseplaneassuminga
perfecttracking.

Thehistogramsmentionnedabove arecurrentlyfilled for the trackshaving 4 hit segmentandin a year-3
geometry. They canbeeasilyadaptedfor varioustypeof segments.

Pass ptmax ptmin
0 100. 1.0
1 1.0 0.7
2 0.7 0.4
3 0.4 0.2
4 0.2 0.1

Table1: Upperandlower limits in transversemomemtumfor thepasses

Pass cutl[3] cutl[2] cutl[1] cutl[0]
0 1.0 0.5 0.2 0.2
1 1.0 0.5 0.2 0.2
2 1.5 0.5 0.2 0.2
3 3.0 0.5 0.2 0.2
4 5.0 0.5 0.2 0.2

Table2: Geometricalcutsalongthebeamaxisfor fivepassesandthefour layers.

Layer onoff share nbranch ntotbranch
0 1 5 1 6
1 1 5 1 6
2 1 5 2 6
3 1 5 3 6

Table3: Trackbranchingandhit sharingparametersfor a givenpassandthefour layers

Currently5 passesaredefinedwith theptmin andptmax values(in GeV/c)summarisedin thetable5.1.1.
As anexample,thetables2 and3 containstheparametervaluescurrentlyusedin a superpasswhich looks
for 4 hit segments.Thegeometricalcutsin thetransverseplaneareequalto thosein alongthez axis.One
canobserve that the cutsin the SSDareincreasingwith the passnumberin orderto compensatefor the
decreasingaccuracy of the TPC track projection. Morever the cut valuesdecreasewhengoing from the
SSDto theinnermostSVT layerwhichreliesontheexpectedimprovementof thetrackprojectionaccuracy
whenattachingmorehits to thetracks.Basedon thesameexpectationthebranchingin theSSDis setto 3
while on theinnermostlayersonly 1 branchis allowed.

6



5 DESCRIPTION OF THE MAIN OBJECTS AND METHODS 5.1 St est Maker

5.1.2 mSegments

ThemSegments parametersallow to setandcontrol therequirementsfor eachsuper-pass.Two typesof
parametersarestoredin theseobjectswhich arerespectively relatedto thecaracteristicsof theTPCtracks
thatonetriesto prolongateandto thehit patternof thesegmentswhichareformedduringthesuper-passes.

Someof the TPC tracksareexcludedfor the trackingusing the parametersminTPChits which seta
lower limit on thenumberof hits in theTPCattachedto thetrackandtheparametersrminTPC which set
aupperlimit onthedistancein thetransverseplanebetweentheSTAR geometricalcenterandthefirst TPC
hit. Theseparametersallow to temporarilyflag theshortTPCtracksandtheTPCtracksreconstructedin
theouterpartof theTPCfor which a relatively poorpredictionof thetrackprojectionis expected.These
parametersareusedin theFlagTPCTracksSP method(see5.1.8).

Thehit patterncriteriafor thesegmentsformedduringagivensuper-passaredeterminedby theminhits
parameterwhich setsa lower limit on thenumberof SVT/SSDhits andthe/verb+slay[i]+parameters.In
agivenlayeri theassociationof ahit toatrackcanbeforbiddenslay[i]=0, allowedslay[i]=1 or re-
quiredslay[i]=2. Thetable4showsthreeexamplesof settingsfor theseparameters.TheChooseSegment
methodusestheseparametersto selectbranchesformedduringthetrackingphase.

A B C
slay[0] 2 1 1
slay[1] 2 1 1
slay[2] 2 1 1
slay[3] 2 2 1
minhits 4 3 1

Table4: Examplesof segmentcriteria: In the caseA four hits arerequiredwith obviously a hit in every
layer; in thecaseB a minimunnumberof threehits arerequieredwith a mandatoryhit in theSSD;in the
caseC at leastonehit is requiredwithoutany specificlayerorigin.

Thelastparameterchisqcut of themSegment objectcanbesetto imposea higherlimit on thechisq
valueof thefitted branches.This parameteris not usedat this momentbut canbeeasilyimplementedin
theChooseBestNBranches andChooseBestBranch for instance.

5.1.3 Preprojection

Theaimof thismethodis to quickly determinefor eachbranchformedby thetrackerwhichwafersshould
beconsideredascontainingpossiblehit candidatesto beassociatedto thebranch.

The closestinterceptof the helix track with a cylinder of radiusequalto the currentlayer radiusis de-
termined. The (phi,z) positionof the interceptis thencomparedwith the wafer mapmIndexGeom .
The Wafersin the corresponding(phi,z) cell are storedin the mPreProjTable. This list of wafer
to be scannedis then completedby consideringthe neighborsof the wafersalreadyin the list. The
mPreprojNumber datamembercontainsthefinal numberof wafersin thelist.

The variablemPreprojectionis locally usedto avoid doublecountingthe wafers. The sizeof the output

7



5.1 St est Maker 5 DESCRIPTION OF THE MAIN OBJECTS AND METHODS

tablemPreProjTable is limited to MAXFIND WAF usuallysetto 70.

5.1.4 Projection

Thismethodis calledimmediatelyafterthePreprojection methodandthusappliedto eachbranch.

For eachwaferstoredin mPreProjTable , theinterceptof thetrackhelix with thewaferplaneis calcu-
lated.Everyhit containedin thecurrentwaferis scannedandis addedto a list if :

� thehit is available(GetFlag()>0),

� thedistancesin z andin thebendingplanebetweenthehit andthetrackprojectionaresmallerthan
mParams[mPass]->geomcutl[slay] andmParams[mPass]->geomcutw[slay] ,

� thenumberof hits alreadyconsideredis smallerthanMAXHITPROJ

Thelist mProjOut containingtheacceptedhits(possiblyfrom differentwafers)is sortedby increasing3D
distancebetweenthehit andthetrackprojection.Themaximumnumberof hits in this list MAXHITPROJ
is usuallysetto 400.

5.1.5 Init

5.1.6 SVTInit

5.1.7 TPCInit

Thismethodiscalledby theInitmethodto initialize theobjectsrelatedto theTPCtracks.TheSt_est_TPCTrack
objectsandthemTPCTrack tablepointingto theseobjectsarebuilt. TheTPCtrackswith a negativeflag
arenot loaded.ThemTptIndex translationtablefrom the track id to its row in themTPCTrack tableis
constructed.

For eachtrackdeclaredin mTPCTrack its hit tablemR is built. After thehit tablehasbeenbuilt, thehits
aresortedaccordingto increasingorder.

5.1.8 FlagTPCTracksSP

Thismethodiscalledatthebeginningof eachsuper-passtoflagsomeof theTPCtracks(of typeSt_est_TPCTrack)
which will not beconsideredfor trackingin thatsuper-pass.Currentlytwo typesof tracksarerejectedby
usingthis specialflag :

� TPCtrackswith anumberof hitssmallerthanminTPChits (frommSegments) haveamFlagSP
setsto -1,

� TPCtrackswith adistance(in thex-y plane)from thedetectorcenterto theinnermosthit biggerthan
rminTPC haveamFlagSP setsto -2.

8



5 DESCRIPTION OF THE MAIN OBJECTS AND METHODS 5.1 St est Maker

5.1.9 ChooseSegment

This methodis calledat eachtrackingstepto preventfrom building brancheswhich at theendof theloop
on thelayerswill not satisfythepatterncriteriarequiredfor thecurrentsuper-pass.Thesecriteriaaresets
in themSegments objectandcombinetheminhits andtheslay[nlay] conditions. Branchesare
deletedif :

� thenumberof alreadyattachedhitsplusthenumberof layerswhich remainto bescannedis smaller
thanminhits.

� theconditionslay[i]=2 requieringahit in thelayeri alreadyscannedis not fulfilled.

5.1.10 ChooseBestNBranches

Thismethodis calledateachtrackingstepto preventfrom building atoolargenumberof branchesfor each
track.For eachtrackin a givenlayer, its branchesaresortedby increasingchisq.In orderto emphasiseon
the SVT/SSDhit contribution to the chisq,the chisqof the trackobtainedonly with the TPC hits is first
subtractedto thetotal chisq.

Oncesorted,themParams[mPass]->ntotbranch[slay] brancheswith thebestchisqareselected.
Theremainingbranchesaredeleted.

5.1.11 ChooseBestBranch

This methodis calledfor eachpassat the endof the trackingin all the layersin orderto selectfor each
tracka uniquebranch.For thetimebeing,thebranchwith thesmallerchisqis selected.No upperlimit on
thechisqvalueis applied.

5.1.12 RemoveHitSharing

Dependingon the valueof share[nlay] in themParams structure,hit sharingcanbe allowed. Hit
sharingis quite usefull in orderto preserve the chancesfor a hit which is alreadyconnectedto a wrong
branchto bein paralleleattachedto thecorrectone.By studyingthechisqof thebranchesformedaftera
givenpasswhichsharesomehitswith someotherbranches,onecanfind thatfrequentlythecorrectbranch
hasthesmallestchisq.In addition,in somecaseshits aresharedby two wrongbranches.This methodhas
beendevelopedin orderto supressthenumberof badbrancheswithout affectingtoo muchthenumberof
correctbranches.Themethodis calledat theendof eachpassanddo thefollowing operations:

� Loop in thethehit objectlist andlook for hit shared(mNShare),

� For eachsharedhit, selectthe branchwith the smallestchisqamongall the branchessharingthe
currenthit,

� For all brancheswith biggerchisq,detacheall thehits (includingtheonewhich arenot shared).

9



5.1 St est Maker 5 DESCRIPTION OF THE MAIN OBJECTS AND METHODS

5.1.13 Eval

The trackingevaluationcanbe performedat a first level analysiscorrespondingto the usualcountingof
possible/good/badtracks.

Threetrackstatusarerequiredto calculatetheefficiency andpurity of thetrackingprocedure.

the number of ideal tracks : all ideal(possible)TPCtrackswith at leasthit in theSVT/SSD.

the number of goodtracks : all trackswhich havebeenreconstructedwith correcthits.

the number of bad tracks : all reconstructedtrackswith at leastonewronghit.

Oneshouldnotethatin this evaluationfunction,thedefinitionof theideal tracksis somehow moresevere
thantheabovedefinition.Trackswhicharenotconsidered(trackable)by thetrackingmethodareexcluded.
As anexample,a trackingpassrequieringa hit in every layerswill leadto excludetrackswith lessthat4
hits from theidealtracklist.

Theefficiency andpurity aredefinedasfollow :

Efficiency � good
possible

Purity � good
good 	 bad

A detailedanalysisof the trackingevaluationcanbealsomadein orderto take into accountthe fact that
a given TPC track canbe splittedinto several segments.The ideais to countthe numberof TPC tracks
accordingtheirmcid insteadof theirid. In otherwords,andin theview of futurephysicsanalyses,each
producedparticleshouldbecountedonceindependentlyfrom thefactthattheTPCtrackingcanreconstruct
a track in oneor severalsegments.Consequently, a TPCtrackformedwith, for example2 segments,will
becountedonceasa possibletrack. With theformerevaluation,2 differentid would have beenassigned
to thesegmentsandthus2 possibletrackswouldhavebeencounted.

In summary, if severalsegmentsbelongingto oneTPCtrackarecorrectlyassociated,only oneassociation
will becounted,theotheroneswill beconsideredasghosts.

Theefficiency andthepurity aredefinedas:

Efficiency � correct
input

Purity � found
found

The following exampleillustratesthe two evaluationmethodsappliedto a TPC track splitted into two
segments.Theefficiency andpurity areexpressedin pourcentage.
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5 DESCRIPTION OF THE MAIN OBJECTS AND METHODS 5.1 St est Maker

Detailledanalysis First Level analysis
Association Input Found Correct Effi. Purity Possible Good Bad Effi. Purity

2 bad 1 2 0 0 0 2 0 2 0 0
1 bad1 good 1 2 1 100 50 2 1 1 50 50

2 good 1 2 1 100 50 2 2 0 100 100
1 good 1 1 1 100 100 2 1 0 50 100
1 bad 1 1 0 0 0 2 0 1 0 0

Severalclassesof tracksaredistinguishedin theeval methodandoutputon thescreen:

Amongall idealtracks:
� Idealnot foundbut unique: idealtracknot reconstructed.Its mcid is unique,andnot sharedby another
TPCsegment.
� Idealnot foundbut copy in good: idealtracknotreconstructedbut with acopy (i.e. anotherTPCsegment
with thesamemcid)which hasbeencorrectlyreconstructed.
� Ideal not found but copy in bad: ideal track not reconstructedbut with a copy which hasbeenbadly
reconstructed.
� Idealnot foundbut copy in ideal: idealtracknot reconstructedandwith acopy whichis notreconstructed
either.

��
 Realidealtracks: all theidealtracksminusall thepossiblecopies.

Amongall goodtracks:
� Good found twice in good : a track correctly reconstructedbut with a copy which is also correctly
reconstructed.Oneof the2 correctsegmentsis consideredasa badtrack.

��
 Realgoodtracks: all theinitial numberof goodtracksminusthegoodtracksfoundtwice.

Amongall badtracks:
� Badin ideal: trackbadlyreconstructedwhich is in theidealtracklist.
� Bad not in ideal : track badly reconstructedandwhich wasnot in the ideal setof tracks. They arefor
exampletheTPCtrackswhichshouldnot haveany SVT/SSDhit attached.
� Badfoundtwice in bad: trackbadlyreconstructedwhich hasalreadya copy in thebadtracklist.

��
 Realbadtracks: all theinitial numberof badtrackssinceit is usedonly in thepurity estimate.
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6 CLASS REFERENCE

6 ClassReference

6.1 St est Maker

Summary

Synopsis #include "St_est_Maker.hh"
class St_est_Maker;

Description

Persistence None

RelatedClasses

ProtectedData
Member

St_DataSet* mEvent;
DataSetcontainingtheESToutput???
St_DataSetIter* mEventIter;
Iteratoron theEventDataSet.
St_est_Wafer* mPreprojTable[MAXFINDWAF];
List of wafersbuild by thePreprojectionmethodtobescannedby theProjection
method.
St_est_Params** mParams;
Tablecontainingthetrackingparametersfor thepasses(overpt).
St_est_Segments** mSegments;
Tablecontainingthetrackingparametersfor thesuperpasses(on thetrackpattern).
St_est_IndexGeom* mIndexGeom;
Coarsedescriptionof theSVT/SSDgeometry.
St_est_Wafer** mIndexWaf;
List of waferobjects.
St_est_Hit** mSvtHit;
List of SVT/SSDhits.
St_est_Hit* mVertex;
Main vertex.
St_est_TPCTrack** mTPCTrack;
List of TPCtracks(trackswith flag<0 arenot loaded).
St_est_Track** mTrack;
List of globaltracks.
svg_shape_st* mSvgShape;
TablecontainingtheSVT/SSDwafershapes.
St_est_ProjOut mProjOut;
List of candidatehits to beconsideredby thetracking.
long* Eval_id_mctrk2est_Track;
To beexplained.
St_est_Hit*** Eval_mchits;
List of SVT/SSDhits for eachtracks.
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6 CLASS REFERENCE 6.1 St est Maker

long mWafId2IndexWaf[9000];
Waferid (1101,1102,..)to Waferindex (0,1,..)translationtable.
long* mTptIndex;
TranslationtablebetweentheTPCtrackid andits row numberin themTPCTrack
table.
long mNTPCTrack;
Numberof TPCtracks(TPCtrackswith negativeflagareexcluded).
long mNTrack;
Numberof globaltracks.
long mNSvtHit;
Numberof SVT/SSDhits.
int mPass;
Currentpassnumber.
int mNPass;
Numberof passes.
int mSuperPass;
Currentsuperpassnumber.
int mNSuperPass;
Numberof superpasses.
int mStartLayer;
Index of theoutermostlayerusedin thetracking.
int mEndLayer;
Index of theinnermostlayerusedin thetracking.
int mPreprojNumber;
Numberof wafersto bescannedby theProjection method.
int mIdealTracking;
Flagfor theperfecttracking.
long mFindable;
Numberof findabletracks.
long mFoundOK;
Numberof goodtracksfoundby thetracker.
long mFoundFake;
Numberof ghosttracksgeneratedby thetracker.

Public
Constructors

St_est_Maker(const char* name = "est");

ProtectedFunctions int Preprojection(St_est_Branch&, int);
Build a list of wafersto bescannedfor abranchin a givenlayer.
int Projection(St_est_Branch* branch, long slay);
Returnsa list of hits which satisfysomedistancecriteriato thebranchprojection.
int Tracking(int);
Main trackingmethod.
int RefitBranch(St_est_Branch *br, St_est_Hit* hit=NULL, int ex-
clhit=-1, int usevertex=0);
Methodusedto refit thebranchbr with theadditionalhit hit possiblyexcluding
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6.2 St est Params 6 CLASS REFERENCE

somehits andusingthemainvertex.
int SVTInit(St_DataSetIter* dataiter);
Initialisesandfills theSt est Waferobjects.
Initialisesandfills theSt est Hit objects.
int TPCInit(St_DataSetIter* dataiter);
Initialisesandfills theSt est TPCTrackobjects.
void ChooseBestNBranches(St_est_Track *tr, int slay);
Choosea givennumberof branchesafter trackingin the layerslay for thetrack
tr.

6.2 St est Params

Summary Structurecontainingtheparametersfor thepasses.

Public Data
Member

int debug;
Debugginglevel (0 = only critical errorsarementioned).
int onoff[4];
Trackingstatusfor a givensuper-layer(1 = trackingis allowedfor theconsidered
layer;0 = no trackingis performedwithin this layer).
double ptmin;
Lowestpt valuefor a pass.
double ptmax;
Maximumpt valuefor apass.
int nbranch[4];
Number of daughterbranchesallowed to be formed in a layer per the mother
branch.
int ntotbranch[4];
Maximum numberof branchesper track kept after the tracking in a given layer.
int maxbranches;
Maximum numberof branchesthat canbe attachedto a track. This is usedtem-
porarily to initialize thebranchlist of eachTrackto alargevalue.Oncetheparame-
tersnbranch andntotbranchwill bedefinedconsistently, thenmaxbranches
will becomeobsolete.
int share[4];
Numberof timesthata hit canbesharedby differenttracks.
int maxtpchits;
Maximum numberof hits per TPC track. It is usedfor the initialization of the
St TPCTrackobjectandcorrespondsto themaximumnumberof TPChits takento
this object.
int maxsvthits;
Maximumnumberof SVT hits in thebranches.It is usedalsoto initialize thesize
of thehit list of eachbranch.
double lrad[4][2];
Radii of thesilicondetectorlayers.2 valuesaresetfor theSVT layers(thesublay-
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ers)andonefor theSSD.
int nneighbours[4];
Numberof rings of waferswhich areneighborsof the wafer containingthe track
projectionandwhosespacepointswill becandidatefor thetrackto hit association.
double phibin;double zbin;
Sizeof thebinsin phi andalongthez direction.
int nphibin;int nzbin;
Numberof binsin phi or z.
Theselast4 parametersareusedfor searchingthenneighbourgs wafers.Since
this stepis performedduringthepreprojectionphase,they shouldbenormallyde-
finedonce,andnot like it is donenow, for eachpt pass.
double geomcutl[4];
Geometricalcut for length(alongz axisbeam)usedto definehit searchingareas.
double geomcutw[4];
Geometricalcut for width (in thex-y plane)usedto definehit searchingareas.

6.3 St est Segment

Summary Structurecontainingtheparametersfor thesuper-passes.

Public Data
Member

int slay[nlay];
Hit requirementsdefinedfor eachsuper-layer (2 = required;1 = allowed;0 = for-
bidden).int minhits;
Minimum numberof hits in asegment.
int minTPChits;
Minimum numberof hits thataTPCtrackhasto containfor beingconsidered.
double rminTPC;
Minimal radiusat which the first hit (the nearestfrom the geometricalcenter)of
theTPCtrackhasto belocated.
double chisqut;
Maximumallowedchisqvalueafterthebranchrefitting (not usedanymore).

6.4 St est ProjOut

Summary Structurecontainingtheoutputof theProjectionMethodfor agivenbranch.

Public Data
Member

int nhit;
Numberof hits in hit array.
St_est_Hit* hit[MAXHITPROJ];
List of pointerto hits foundin theprojection.
double dist[MAXHITPROJ];
3D distancebetweenthehit andthetrackprojection.
double distw[MAXHITPROJ];
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Distancein thetransverseplanebetweenthehit andthetrackprojection.
double distl[MAXHITPROJ];
Distancealongthez axisbetweenthehit andthetrackprojection.

6.5 St est Gtrk

Summary Structurecontainingtheinputsfor theegr fitting routines.

Public Data
Member

long nhit;
Numberof hits in thetrack(SVT,SSD,TPCandmainvertex).
long ipnt[220];
Pointersto thehits belongingto thetrack.
long pos[220];;
Positionsof thehits on thetracks.
long det[220];;
Detectorindex of thehits (SVT/SSD,TPC,mainvertex).
float p[9];
Trackparametersoutputfrom thefitting routines.
long nfit;
Numberof hits includedin thefit.
long flag;
Statusflagof thefit.
long ntpc;
Numberof hits belongingto theTPC.
long nmax;
Maximumnumberof hits consideredin thefit.

6.6 St est Wafer

Summary ClassdescribingtheSVT andSSDwafers.

Synopsis #include "St_est_Maker.hh"
class St_est_Maker;

Description

Persistence None

RelatedClasses
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ProtectedData
Member

int mShape;
Geometricalshapeof thewafer(takenfrom svg_geom.id_shape).
int mLayer;
Layerthewaferbelongto.
long int mNHits;
Numberof hits in thewafer.
long int mMaxHits;
Maximumnumberof hits in thewafer(usually200).
St_est_Hit **mHits;
List of hits within thewafer.
StThreeVector<double>* x;
Positionof thecenterof thewaferwithin theSTAR globalreferenceframe.
StThreeVector<double>* n;
Unitary vectornormalto thewaferplane.

Public Data
Member

char mPreprojection;
Flagfor thepreprojectionmethod.
long int mId;
Id of thewafer(accordingto thesvg_geom table.Shouldbeprotectedmember
St_est_Wafer* neighbour[8];
Tableof neighbouringwafers.

Public
Constructors

St_est_Wafer(long int nr, long int mh, StThreeVector<double>* xx,
StThreeVector<double>* nn, int shape);

Public Member
Functions

StThreeVector<double>* St_est_Wafer::GetX();
Returnsthepositionof thecenterof thewafer.
StThreeVector<double>* St_est_Wafer::GetN();
Returnstheorientationvectorof thewafer.
St_est_Hit* GetHit(long nr);
Returnsa pointerto thenr hit of thewafer.
int AddHit(St_est_Hit *hit);
Addsa hit to thewaferhit list.
int GetLayer();
Returnsthewaferlayernumber.
int GetShape();
Returnsthewafershapenumber.
long GetNHits();
Returnsthenumberof hits in thewafer.
long int GetId();
Returnstheid of thewafer.
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6.7 St est IndexGeom

Summary Classfor thepreprojectionmethod.

Synopsis #include "St_est_Maker.hh"
class St_est_Maker;

Description This classcontainsa simpleSVT/SSDgeometrydescriptionwhich allows a fast
accessto thewaferobjectlocatedin a givenz-phiarea.

RelatedClasses

ProtectedData
Member

int*** nWaf;
Tablecontainingthenumberof wafersperz bin andphi bin for eachlayer.
St_est_Wafer***** pWaf;
Tablepointingto thewafersin eachbin in z andphi andin eachlayer.
int nphibins;
Numberof binsin phi to maptheSVT/SSDgeometry.
int nzbins;
Numberof bin in z to maptheSVT/SSDgeometry.

Public Data
Member
Public
Constructors

St_est_IndexGeom::St_est_IndexGeom(int np, int nz)

Public Member
Functions

int setWafTab(int phi, int z, int slay, St_est_Wafer* waf)
Storesthewaferwaf in thetables.
int getNWaf(int phi, int z, int slay)
Returnsthenumberof wafersin a given(z,phi)cell anda layer.
St_est_Wafer** getWafTab(int phi, int z, int slay)
Returnsa pointerlist of thewaferscontainedin agiven(z,phi)cell anda layer.

6.8 St est Hit

Summary ClassdescribingtheSVT andSSDhits.

Synopsis #include "St_est_Branch.hh"
class St_est_Wafer;
class St_est_Branch;
class St_est_Maker;
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Description

RelatedClasses

ProtectedData
Member

St_est_Wafer* mDetector;
Id of thewafercontainingthehit.
St_est_Branch** mBranch;
List of branchesthehit is attachedto.
StThreeVector<double>* mXL;
Local coordinatesof thehit in thewaferfref. frame.
StThreeVector<double>* mXG;
Globalcoordinatesof thehit.
double mDE;
Energy lossmeasurementassociatedwith thehit.
long mNShare;
Numberof timesthehit is sharedby varioustracks.
long mMaxShare;
Maximumnumberof sharingallowedfor differenttracks(equalto
mParams[0]->share[lay]).
long mNBranch;
Numberof times the hit is sharedby variousbranches(possibly from different
tracks).
long mMaxBranches;
Maximumnumberof sharingallowedfor differentbranches.
int mDebugLevel;
Variableusedto control the flow of debugginginfo in the methods.Most of the
informationis printedout if thevariableis biggerthanzero.
long mId;
Id of thehit (takenfrom scs_spt table).
int mFlag;
Hit statusflag : 0 = hit available,1 = hit alreadyused,-1 = problems.
long mEvalTrack;
Numberof idealtracks???

Public
Constructors

St_est_Hit(long id, StThreeVector<double> *xg, StThree-
Vector<double> *xl, double dE, long maxsh, St_est_Wafer *det);

Public Member
Functions

GetNBranch();
Returnsthenumberof branchesusingthehit.
int JoinBranch(St_est_Branch *br);
Thehit is attachedto thebranchbr (returns1 if success)
void LeaveBranch(St_est_Branch *br);
Thehit is removedfrom thebranchbr
void SetDebugLevel(int deb);
Setthedebugginglevel.
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int CheckAvailability();
Returns1 (0) if thehit can(not) beshared.
StThreeVector<double>* GetGlobX();
Returnsthehit globalcoordinates.
StThreeVector<double>* GetLocX();
Returnsthehit local coordinates.
St_est_Wafer* GetWafer();
Returnsa pointerto thewafercontainingthehit.
St_est_Branch* GetBranch(int i);
Returnsa pointerto thebranchi usingthehit.
int GetFlag();
Returnsthehit statusflag.
void SetFlag(int fl);
Setsthehit statusflag.
long GetId();
Returnsthehit id.
void SetId(long i);
Setsthehit id.

6.9 St est Track

Summary Classdescribingtheglobaltracks.

Synopsis #include "St_est_Branch.hh"
class St_est_Branch;
class St_est_Hit;
class St_est_TPCTrack;
class St_est_Maker;

Description This is themainobjectdescribingthetracksformedduringtheglobal tracking. It
containsa pointerto the TPC track anda list of pointersto the branchesformed
with theSVT/SSDhits.

ProtectedData
Member

St_est_TPCTrack *mTPCTrack;
Pointerto theassociatedTPCtrack.
St_est_Branch **mBranch;
List of branchesattachedto thetrack.A trackhasalwaysat leastonebranch(pos-
sibly empty)to allow branchduplication.
long mNBranch;
Numberof branchesfor this track.
long mMaxBranch;
Maximumnumberof branches(takenfrom mParams[0]->maxbranches).
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int mFlag;
Flagdescribingthetrackstatus: 0 = trackis available,1 = trackis alreadyused,
-1 = problemwith thetrack??

Public
Constructors

St_est_Track(long int maxbranch, St_est_TPCTrack *tr)

Public Member
Functions

int AddBranch(St_est_Branch *branch);
Addsthenew branchbranch to thetrack.
int SetBranch(long i, St_est_Branch *branch);
Setsbranch to the ���� locationin thebranchlist.Usefulness??
int RemoveBranch(long int nbr);
Removethebranchnbr to thelist. Thehitsattachedto thebrancharereleased.
inline long int GetNBranches();
Returnsthenumberof branches.
St_est_Branch* GetBranch(long int nbr);
Returnsa pointerto thebranchnbr.
int CheckAvailability();
Returns1 (0) if thecurrentnumberof branchesis lower (or not) thanthenumber
of branchesallowed.
void SetFlag(int flag);
Setsthetrackstatusflag.
int GetFlag()
Returnsthetrackstatusflag.

6.10 St est TPCTrack

Summary ClassdescribingtheTPCtracks.

Synopsis #include "StThreeVector.hh"
#include "StHelix.hh"
class St_est_Maker;

Description This classdescribestheTPCtracks.

ProtectedData
Member

StThreeVector<double>** mR;
List of TPChit positionsbelongingto this track.
StThreeVector<double>** mdR;
List of TPChit positionerrors.
StHelix* mHelix;
Helix objectusedto storethetrackparameters.
long int *mHitId;
List of tpchit id attachedto thetrack.
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long int mId;
Id of theTPCtrack(equalto therow numberfrom thetpc tracktable).
long int mMcId;
Id of the Monte Carlo track associatedto the reconstructedtpc track (taken from
tpc eval table).
long int mNHits;
Numberof tpchits attachedto thetrack.
long int mMaxHits;
Maximumnumberof tpchitsattachedto thetrack.SetstomParams[0]->maxtpchits.
long int *mHitIndex;
List of tpchit indexes???
int mFlag;
Statusflagof theTPCtrackequalthetheflag variablein thetpc tracktable.
int mFlagSP;
TPCFlagset/usedin superpasses.Allow to considertpc tracksdependingon their
numberof hitsand/ortheir innermosthit radius.
SeetheSt_est_Maker::FlagTPCTracksSP method.
int* row;
List of tpchit row numbers(equalto row from thetphit table).
double mPt;
Transversemomentumof thetpc tracks.
mChiSq;
Total chisqof thetpc track.
double mChiSqCir;
Chisqin thebendingplaneof thetpc track.
double mChiSqLin;
Linearchisqof thetpc track.
int mNFitHits;
???
double mr;
Radiusin thebendingplaneof theinnermosttpchit.

Public
Constructors

St_est_TPCTrack(long int id, long int maxhits,
StHelix *hel, double pt)

ProtectedMember
Functions

void Sort(long left, long right)
???
void Swap(long i, long j)
???

Public Member
Functions

void SetR(double rr)
Setsthelowestradiusof thetpchit. Necessaryafterthehit sorting.
double GetR()
Returnsthelower radiusof thetpchit. SetFlagSP(int fl)
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SetsthesuperpassFlagto fl.
GetFlagSP()
ReturnstheTPCtracksuperpassflag.
int AddHit(long int id, StThreeVector <double> *x, StThree-
Vector <double> *dx, int nrow)
Addsa hit to thetpchit list.
long int GetNHits()
Returnsthenumberof hits.
StHelix* GetHelix()
Returnsthehelix object.
void SetFlag(int fl)
SetstheTPCstatusflag.
int GetFlag()
ReturnstheTPCstatusflag.
void SortHits()
Sortsthetpchits accordingto ...
long int GetMcId()
Returnsthetpc tracksmc id.

6.11 St est Branch

Summary This classdescribesthebranchesof hits formedduringthetracking.

Synopsis #include "StHelix.hh"
#include "St_est_Track.hh"
#include "St_est_hit.hh"
#include "St_est_Wafer.hh"

class St_est_Track;
class St_est_Hit;
class St_est_Maker;

Description

ProtectedData
Member

St_est_Track* mTrack;
Globaltrackthatpossessesthebranch.
St_est_Hit** mHits;
List of SVT/SSDhits which form thebranch.
StHelix* mHelix;
Helix objectusedto storethebranchparameters.
long int mNHits;
Numberof hits which form thebranch.
long int mMaxHits;
Maximumnumberof hitsallowedin abranch(givenbymParams[0]->maxsvthits).
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double mChisq;
Total chisqof thebranch.
double mChisqCir;
Circularchisq(in thebendingplane)of thebranch.
double mChisqLin;
Linearchisqof thebranch.
double *mDist;
List of distancesbetweenthebranchprojectionandthehits.
int mLastLay;
Layernumberof thelatesthit attachedto thebranch.
int mDebugLevel;
Debug level usedto controltheprintedinformationflow.
int mStep;
Variablerecordingthestepwhenthebranchwasformed(equalto10*Superpass+pass).

Public
Constructors

St_est_Branch(St_est_Track* tr=NULL, long int maxhits=1,
long int nh=0, St_est_Hit** hit=NULL, double *dist=NULL);

ProtectedMember
Functions

int AddHit(St_est_Hit *hit, double dist);
Addsthehit hit with its distancedist to thebranch.
int RemoveHit(long int nr);
Removesthehit numbernr from thebranch.
int RemoveHit(St_est_Hit* hit);
Removesthehit hit from thebranch.
long int GetNHits();
Returnsthenumberof hits.
St_est_Hit* GetHit(long int nr);
Returnsa pointerthehit numbernr.
int CheckAvailability();
Returns1 (0) if morehits can(not)beattachedto thebranch.
St_est_Branch* Duplicate();
Duplicatesthebranch.Callstheconstructorto copy thebranch.Thehits from the
copiedbrancharealsoin theduplicatedbranch.
int JoinTrack(St_est_Track *tr);
Attachesthebranchto thetracktr. If no additionalbranchcanbeattachedto the
track,theconsideredbranchis insertedin thesorted(onchisq)list of branches.As
a consequence,thebranchwith theworstchisqis lost.
void LeaveTrack();
Removesthe branchfrom its track. Calls the methodRemoveBranch from the
St_est_Track object.
St_est_Track* GetTrack();
Returnsa pointerto thebranchparenttrack.
void SetHelix(StHelix *hel);
Setsthehelix hel to bethebranchhelix.
StHelix* GetHelix();
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Returnsthebranchhelix.
void SetChiSq(double chi);
Setsthetotal chisqto chi.
void SetChiSqCir(double chi);
Setsthecircularchisqto chi.
void SetChiSqLin(double chi);
Setsthelinearchisqto chi.
double GetChiSq();
Returnsthetotal chisq.
double GetChiCir();
Returnsthecircularchisq.
double GetChiLin();
Returnsthelinearchisq.
GetDist(long nr);
Returnsthehit-projectiondistanceof thehit numbernr.
double GetDist(St_est_Hit* hit);
Returnsthehit-projectiondistanceof thehit hit.
int GetLastLayer();
Returnsthelayernumberof thelatesthit attachedto thebranch.
void SetDebugLevel(int deb);
Setsthedebugginglevel.
void SetStep(int step);
Setsthestepstatus.
int GetStep();
Returnsthestepstatus.
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